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STUDY ON HEAT- RESISTING STEEL (VIII) |

Emchzro Asano

Synopsis: ;

The precipitation phenomena of Timken 16-25-6 alloy, the heat resisting steel for gas |
turbine, have already been reported in this journal. The effect .of solution-treatment was -
studied and reported in relation to aging in (I) and (W) of this series_ In this report, the’
solution phenomena’ of prec;pltated particles were researched. ‘There were . nine kinds of
samples,. each having different amounts of C, Mo, and- N contents, mcludmg the standard l6-
25-6 alloy. For the purpose of studying the influence of varied contents of added elements
on solution-treatment, eight groups were made by vanous combination of the nlne samples.
(see Table 1)

" Before solution-treatment, wh:ch is the purpose of this reports;.ail samples were treated
to finish or almost finish the precipitation in two ways (A) and (B) In (A), samples were
heated at a rather high temperature (ex. 950°C, 900°C, and 850°C etc.) for more than several
hours respectively after usual solution-treatment (1150°C X 1h), 'and then kept at 700°C more
than 100 hours. This meant the coagulating of precipitated partlcles, besides ﬁmshmg the
usual precipitation. In (B), samples were aged at 800°C for from 100 hours to 150 hours"
after- usual solution-treatment. (B) meant the samples got stable high hardness and general :
precipitation more or less by aging. Samples, treated in (A)- way, were heated at three
grades of temperature 1000°C, 1150°C, and 1230°C for 2 honrs respectwely for solution-treat-
ment. Samples,treated in (B) way, were heated at three grades of temperature, 1000°C,
1100°C, and 1200°C for from 10 minutes to 7.5 hours. All samples, which were solution-
treated in each temperature and time, were tested by Vickers hardness tester and observed
~ithrough microscope to study the.disolving phenomena of precipitated particles.

In (A), the precipitated particles  were not yet disolved by heating at- 1000°C for 2 hours, A
but disolved at 1150°C and annealing twins were observed.. When the samples were heated 2
at 1230°C annealing twins were easily seen and grain coarsening ‘was also observed. / '

In (B), the softening of hardness by heating was ‘almost "parallel with the disolv@ing’ ’
phenomena of precipitated particles. Some samples showed that the heating temiperature .
1000°C was not enough for solution-treatment of precipitated particles. The process of disolv-
ing of precipitated particles. was clearly observed during heating.at 1100°C. The temperature-
1200°C was too high to watch the process, because solutlon treatment finished and anneahng
twins appeared after 10 minutes heatlng “The effect of C Mo, and N content in 16-25-6.

. alloy on solution-treatment’ was also discussed. The samples. of low .carbon’ showed' rather - -
low, hardness at both »aged condition -and solution-treated condition. More Mo samples meant.’
more difficulties than with the low Mo- samples. N showed similar influence with.-Mo, except .
the samples denitrolized by "the “addition of Ti. In this report the’ partlcles which were
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precipitated artzﬁcnally were disolved for the purpose of test,

so that the conclusion from

this data can not always be apphed to the case of practical solution-treatment under factory

conditions.
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Table 1.
O " o . . - . . - ﬁ
Group | Sample | - C% - Mo% N% Ni% Cr% Si% Mn% ! Fe%
A £ B9 0-03 6°82 denitrolized 25°66 1815 099 121 Balance
#C 1 014 5°91 4 2362 16°89 1+09 1°28 7
# B 5 0-05 . 6'36 0*11 24-32 17°70 0°76 1-38 7
¢ C 4 0*15 6°01 0°11 24°53 1665 1°06 | 130 v
C 2 B 9 | .0°03 6'82 .|denitrolized| 25°66 18715 0°99 1°21 7
2 C20 0407 526 4 25°21 17°44 0+72 1°36 ”
D Z B10 002 6°29 0°04 24°12 1743 0°74 1°32 7
g C21 0°09 553 0°04 25°64 1715 0°71 1°33 4
E 7 B 5 0°05. 6736 . 0+10 24°32 17°70 0°76 1°38 7
2 C18 0-05 523 0°10 25°32 17°67 0'75 1+27 4
o 4 B 4 0-10 5-89 0-16 24°82 1600 0°54 1-24 . 7
F 4 B 5 0°05 6°39" 011 24°32 17°70 0776 1+38 4
1 B10 002 6°29 004 | 24°12 17°43 074 132 - 4
# B 9 0-03 6°82  |denitrolized| 2566 1815 | '0°99 1°21 7
4 C 4 015 6°01 0°12 24°53 16°65 1°06 1°30 r
G : . ] . .
‘ g C1 0°14 5°91 |denitrolized| ~ 23-62 16°89. 1°09 1428 ”
g Ci18 0°05 523 0°10 25°32 17°67 -| 0°75 1°27 7
H g C21 0°09 5°53 0-04 25°64 1715 071 1°33 K4
g4 C20 |  0-09 526 |denitrolized! = 25°12 17°44 0°72 1°36 X4
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Samplé g B5
800°C x 150h age

£100°C x 1Omn
X400 (172 contracted) x400 (1/2 contracted)
Photo L Photo. 2.

1Omn 5 7° 5h @ﬁﬂ%bﬁm%%@f‘ﬁ“ﬂﬁ'@b DIZEED
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Group A: [t # B9 (Fig. 5) & # Cl1(Fig. 6)

& CEHTBL THER]

850°C X 150h ﬁ@{?z@mﬁ%@zmﬁc DOFHHBEEE LR L
AT HIIE SIS R Cﬁ‘?‘ﬁbf, ZORVI D
. OF D Cﬁ?ﬁ>%m7§b>&%&%b§%< , fE« OFTH
BidK X A& LB, T 1000°C X5h ik
2475 &N AL CIRAT HIOB AL Y Shs
s, BERTHFCECOBGIELL. CREOE,
73(;; 1100°C x2h T4 RISEHFIIRSED R 570
3 1200°C % 3h c&iﬁﬂ%}‘é/y&a”‘“’ﬁﬂbb, ST,
HFEbNB- ‘ )
© f3, Group' B {kfk A &R URRERERT
Group C: [## § B9 (Fig. 5) & #C 20 (Fig.
' 9)&C5k%urm@1

BEEOMEE, B Mo OFMME Mo & bﬂ?&ﬂﬁ%@

DFHTRIRITEHILL TUTL.

BI32/08U: 1000°C X 5h OIEAT, & Mo (4 C20)
DB HTHIEINTEA EVEHALS 25, & Mo (3 B9)
1100°C ><5h T‘“/i'ﬂ'ﬂ
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CHEAB BB S B -
[styr & BIO (Fig.d) & ¥
C10) & Mo HHTBIL T L
OIS, B Mo (3 BI0) OHHHTHE S
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CLEULTH® » . : ( ‘
1000°C x5h @ﬁu@f i, & Mo - “DHIIBEEMST b
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x4, % DFEE 1000°C x5h OIEM#iE, B Mo(# B
10), & Mo (4 C21) FTIZFAEOITHEZRT.
1100°C % 10mn TRIFLTHL D SEE(EREL, FTH
RSB, BEEL T AW — BRIt &
O"C%O)“H"/l’ A& L 75.%. 1100°C X 20mn LIBT3
& Mo OFEWEMALDMEREED KX {/5DTK 5.

Group: D: g C21 (Fig.

1200°C X 10mn ODINEATIa{A1 b EERLASET DI,
BESHALELHSERY 6N B

Group E: [3p} # B5(Fig. 3) &+ # C18(Fig. 8)
& Mo f=izBIL T Bk
Mofk(M £ V. (B B5) 13 Eh8: zﬁﬁ:}%f»—@ (a2
—SFEL T ADITX L MoEWE (& C18) Tid#T
HaEDHE < <L, SIS —TH» 5. 1000°CX5h D
AT I IFRA WL 2R S THEEDOEZ(LE D 5
N72eLy. 1100°C X IOmnDINEA T3 E Mo (B5) . Dk

NIEERALDI L DA TRIPIST D BRI L, BHEREL

T T ORNE 8B </ 3 (L 2BE TS 5
(Photo. 2) OIRIIL, Mo @A (# C18) Tid¥E
FALDES A THT NI —E2 &L TKESE T AA
Tia. 1100°Cx20mn & 75 5 & & Mo O kMl
il ETR DS 10mMD DR E IR AEI DL, £ Mo
DOF T 20mn U TEDED5 5 PSR & H5 58D o1
%. FEIT 1100°CXSh Oz 4% Mo (8 Bs) ©JF
TRAETATHED VR, B d B &5 ah»oD
72, REERRIOARL X, # B5 Tid 1100°Cx5higid s
A ETEACD 25 L, 7°5h THEb OIEA(LY B 5N O
%L, $1C18 Tix 1100°C X 10~20mn T4 DK
Abhsd b, FBI#BIE 7°5h 384 D Z{LL TWLY gy, 1200
°C OIRLTIE, @ d 10mn BICHT HPNIFAA LT
As, D2 SBSERE  Bbh, E%F‘ﬂ@%ﬁntﬂ@l
FNH—BRRE LSS

' Group F:' [y 8 B4 (Fig. 2), # Bb5 (Fig- 3),
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¥ BI10(Fig. 4) X~ # Bo(Fig. 5) & Ni&
B L T ER]

BizhB D Ti THRNL 72 8 B 9 2SI L WVAHTH
ZRTEINMINDEER 0°16%, 0°11%, 0°04% Ths
b 5TR D FEIZ/LL. 1000°C DHNEATIE N 0°16%

(8 B4), N 0°11% (# B5) Tid7hA A1 34K
DZHL B g b8 N 0°04% (§ B10) Ti3& P OIS
Whih, THE S B I5AATL A, 1100°C X 10mn
DOIMEATIZ, AN DOEEL b 23 OWH{LT % 55 (Photo
1 Fer2) 7 OEEMHMLEIZ N 0°16%, 0°11%, 0°04%
DIRTE <72 D, 20mn &7 % & RICHEELEIRE
1T LEEDIEIZ 2D —FBER 5 T DU T L 5.1100°C
DIEAT i N0 16% D & DDEEALYBER S BNE 5T
& B. 1200°C T2 10mn T L Tfah & @EE{358A £
Wb . BEIEHGTED snik» S (Photo. 3), 5, Ti
THNU7z § BY OMEoZkiz Group A HiC T
BiL7z. Group G 3 FO#H4a & 3IZA L 5 nEM%
e ' Co
Group H: [y g Ci18(Fig. 8), § C21(Fig. 10)

XX § C20(Fig. 9)- & Ntz BIL T Hilk]

R DFRR: Ti TERENLU 723 @ (8 C20) AT
Bdig Mz N 0°10% (8, C18), N 0°04% (#C21)
FIZE UREKRTH b, Graup F @A TH 5. 1000
°C x5h DAEEATIF, BN gt (B C20) Tid#THE
HiFaA EVEALLUERILT 525 N 0°10% (4 C18), N
0:04% (% C21) Tk E s, —FEEL TS
ZELy. 1100°C x 10mn Oz N 0°10% (8 .C18%)
N 0°04% (# C21) FITBEFRALPEIER DS, FHTH

PINTHELDTE T iAA DS ESL S 2omn THEE(LZFEA L

SET U, BESLEDME2 Y 5EHDNIAED.S.

) R DHBDIROWHELEL

Lir#& 20 —7mic CHE, Mo i, N tDHsnT-o
WTHRET U 7203, D EFH A HT O S tic &
I THEDELEPEETH ERDIMLIL 5.

(1) C D

800°C % 100~150h BRI OEEES: C EAsd HHs
BNETH D, —FEHEEICEDEE S CaDENED
BEEEASEN. MEMEEE® 1000°C, 1100°C, 1200°C &
HBRU SERY B BILBEOBILIECOEN AT
.. DFHECE 1000°C, 1100°C , 1200°C L IREEDS
L3 ONTEBALEN AT 505, EC™3 1000°C,
1200°C DT & BRALEITAZED IS0 :

(ii) Mo XD ' .

BB D2 Mo D4 HiHTH A5 —EiT o 76

L, 20fk$%<, WS EHDOIOIKL Mo Fihs
L D ED S DTRIFEEE S P L, 296 6 B ORE—
&2 DTN A, 1000°C XShofpgkic k> Tir CHN S
ORRBIR I DTEBILT B EDE, LS D EDD B DS,
Mo 7328 B O AP WAL R CERILOBEMDS A S, U
ML 1100°C T2 L DIEDSH E 75D T Mo HdEVE
DEEEALDAEFTH L. 1000°C L0 S RERE, BEEEk

ACANEE - R ARBDRETIRIZVDT, fEIc A TE

#HAtiZ Mo DN DDFBRNENAZ LS.

(iii) N I

Ti T B N U DEATRES N BOMEERDE
3 W DFERE TI3FAA EBY 5 7gu ds 1100°C
MENT X O THEELRRAITFD LY 3 L B NS
WIEBELSBN S X 5 ThH A T DHERT Mo IdiiE.
ML L (6~6'5%K0) T, LT (5'3%6) THHEU
BTHB. 1200°C OIFATIIEHALOEEEIRIBY 3
0T, CONOEEIRDIR.

BL Ti THNLUZDTRBBOR CTONTH 5 -

Iv. & &

(1) Timken 16-25-6 THEMEOAT HHIOEHKA 3 &1
7 BEMETR R OTEEEIT X D THREL, KORERE
1z, )

SEERIT (U To B2 iE %D Timken 16-25-6 2&
omsErene C, Mo, N EOED D oM.
RBurc. ’ . ‘
(2) £EpOFHAER (A) (B) D 23D 2450
2. (A) BRBUERCEEL, HHzRIsTse
BIEMERENT B, FHETAE (B) 13, HEORE
HeAbANEBA% 800°C X 100~150h [ggha L o THTHIE 2
ATHRE LD, BIRER REEBEEATEI 6 L1z, HEEDAL,
Wiz b (A) TRATHAEEASET L BERE § HIRRAE <
AN EE L THEAMR X VERRE 2 DT 3. (BY
TREBTEZHRL, THpREmIsmL . HEo
ATHAE % U o300 (A) T3 1000°C, 1150°C
1200°C ® 3 FEOIREET 2h 5oL (B) Tk 1000
FC,. 1100°C, 1200°CO)3E0)1‘E,(E'@ 1Omn~7°5h T
DI OTHEEL, fAn b R, B &> THEk
{LDRAE R ATz ‘ .

(3 (A) TROTRERENCHE S & 1000°Cx2hT
AL S D &, & DML S D AL, 1150°C X 2h
TRk S HIREL &, BHLHELL.  1230°Cx2h
Tid ¢ DREO— B S, WA EHIL L, MR
BEAGT 5. Bkibickizs C &, Mo &, N R0
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BT OVTEBRELI.

4) (B) CRWT, éﬁi’é“]ﬁﬁl%ﬁﬂbbﬁ% C;t %

BEOET &, FHEEHER LB 5N IHT IO E
{b& 13, BITPHTL THDR S T PR 6T, 1000°C
DOMBTRATHESEITIADE G L, RIBURAINE
& EHSHBH. 1100°C T3 10mn » HEIEEICH DT
AP RHOEALDEE 3 h 7208 1200°C T3 10mn
T THEHALDTEA X DSSET T 5 L L HED bl

(5) (B) RIT HEEHE 16-25-6 A€k 5 CE
Mo £, N EOBFEOEEXHEL .. 5 Table !

wmElLis A~H D8 7 A — 7Kgt €, Mo, N
B0 2 FRaeHHIIT—ZEDE SO 1 RS DEEENT & -

b AL AMAICE LT 2 2> 2l 4 D274 — 7T
Bt U, #0912 CE, Mo &, NEOZ(LOFH%
BERCBEEL . % ORERCETREC DI HIRER
BOEEALBICEEEIRE L, —FE COF3EE R

BT
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INFLUENCE OF VANADIUM AND MOLYBDENUM‘ON THE
PROPERTIES OF AIR-HARDENING DIE STEEL CONTAINING
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1.5% CARBON AND. 12% CHROMIUM

Naomicht Yamanaka and Kunio Kuseka

Synops1s

To investigate the influence of vanadium and molybdenum on the properties of air-hard--
ening die steel con_tammg 1.5% carbon and 129% chromium, the authors measured the critical.

~ point, hardenability, quenched and tempered hardness,

and toughness.
. The results obtained were as follows:

retained austenite, dimensional change

(1) The critical point was raised with the vanadium and the molybdenum content respec-
tively. The hardenability increased by the addition -of molybdenum and mcreased slightly.

by vanadium by its addition up to 0.8%.

(2) Vanadium addition refined the grain size,

the grain size.

and the molybdenum ‘had little  effect on

Full hardness was obtained by quenching from 1000°C to 1050°C, and as the’

vanadium content increased, a slightly higher a_ustenitizing femperature was necessary ‘ffor .

obtaining the full hardness.

(3) The quantity of retained anstenite measured by the magnetlc method decreased thh_
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